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(54) Title: THERAPEUTIC USE OF CIS-ELEMENT DECOYS IN VIVO 
(57) Abstract 

The invention provides for the use of oligodeoxynucleotkle decoys for the prophylactic or therapeutic treatment of diseases associated 
with the binding of endogenous transcription factors to genes involved in cell growth, differentiation and signalling or to viral genes. 
By inhibiting endogenous trans-activating factors from binding transcription regulatory regions, the decoys modulate gene expression and 
thereby regulating pathological processes including inflammation, intimal hyperplasia, angiogenesis, neoplasia, immune responses and viral 
infection. The decoys are administered in amounts and under conditions whereby binding of the endogenous transcription factor to the 
endogenous gene is effectively competitively inhibited without significant host toxicity. The subject compositions comprise the decoy 
molecules in a context which provides for pharmacokinetics sufficient for effective therapeutic use. 
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THERAPEUTIC USE OF CIS-ELEMENT DECOYS IN VIVO 



INTRODUCTION 

5 

Technical Field 

The field of this invention is therapeutic treatment of disease with double 
stranded nucleic acids which bind transcription factors. 

10 Background 

A wide variety of diseases result from the over- or under-expression of one or 
more genes. Given cells may make insufficient amounts of a protein (e.g. insulin) or 
• too much"of^a protein, ~be~tt a Tiormal -protein (e.grTNF), aurcrtant protefar (erg; an 
oncogene), or a non-host pfotein (fe.g. HlVtat). ^ The ultimate goal of therapeutic 
15 intervention in Such diseases i is a selectivfe modulation of gene txfpressibn. 

A variety of methods of transcriptional modulation in vitro havebeen reported 
including tiie use of anti-sense nucleic acids capable of binding, nascent .message, 
intracellular immunization with dominant negative mutants. >.. i« 

' f !With 'the broad potential therapeutic applications, massive efforts b^ye been 
20 extended by prominent laboratories, and qlinics around the world t^ extend these 
methods in vivo. To date, the transcription factor decoy strategy has never been 
successruiiy adopted in vivo. ' ' ' I ? 
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Relevant Literature 

Description of the roles of transcription factors . may be found in Nevins, 
Science 258, 424-429 (1992); Dalton, EMBO J. 1 L 1 1797,(1992); Yee et al. ibid 6, 
2061 (1987), Weintraub et al., Nature 358, 259-261 ,(1992), Pagano et al., Science 255, 
5 1 1 44- 1 147.(1, 992). Viral coat protein-liposome mediated transfection is described by 
Kaneda et ai., Science 243 7 375 _( 1989),, Ritzenthaler <2t al..(1991) Biochem. J. 280, 
157-1 Biol Chem_ 268, 13625^13631; Bielinska et al., 

Science 16, 997-1000 (1990) and Sullenger et al., Ce// 63,. 601-608.(1990) describe 
inhibition of transcription with double stranded nucleic aci<is.r 
10 A general discussion concerning the .mechanism of restenosis may be found in 

Libby et al.. Circulation 86, JII-47 \l$92) .and[ Clowes ,et al., J. Cardiovasc. 

Pharmacol 14, 812-15 (1989) 

.-:? r-:„r ^. \" ., v.vr.r..;: ;'v- • -• • ? r 7 . , i* . 

SUMMARY OF THE INVENTION 

15 * The invention provides for the therapeutic treatment of diseases associated with 

the binding of "endogenous transcription factors to genes involved, in cell growth, 
differentiation and signalling or to viral genes. Methods and compositions are provided 
for blocking tHe capacity of endogenous trans-activating.. factors to modulate gene 
expression and -thereby regulating pathological processes including inflammation, 

20 intimal hyperplasia, angiogenesis, neoplasia, immune responses and viral infection. 

The methods comprise administering to a patient double stranded nucleic acid 
"decoys* in a form such that the decoys are capable of entering target cells of the 
patient and specifically binding an endogenous transcription . factor, thereby 
competitively inhibiting the transcription factor from binding to an endogenous gene. 

25 The deccfys are administered in amounts and under conditions whereby binding of the 
endogenous transcription factor to the endogenous gene is effectively competitively 
inhibited without significant host toxicity. Depending on the transcription factor, the 
methods can effect up- or down-regulation of gene expression. The subject 
compositions comprise the decoy molecules in a context which provides for 

30 pharmacokinetics sufficient for effective therapeutic use. 
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DESCRIPTION OF SPECIFIC EMBODIMENTS 
Methods and compositions are provided for modulating gene expression in vivo. 
The methods involve administering a composition to a patient so as to introduce into 
a target cell molecular decoys comprising Aouble-stranded nucleic acid, usually DNA, 
■ 5 to which transcription factors endogenous to the target cell bind. Various methods are 
employed for in vivo administration of fhe decoys sucfi that sufficient decoys enter into 
the target cells to com^titively inhibit transcription factor binding to an endogenous 
gene regulatory region. 

THe conipositiohs 'which are employed comprise "decoys": double-stranded 
1 0 v nucteic J ac?d mdtecitfes with Mg6 binding affimty for the targeted transcription factors. 
- "The targeted iansCnptioi! Actors are endogenous,' sequence-specific double-stranded 
DNA binding proteins which modulate (increase or decrease) the rate of transcription 
of one or more specific genes in the target cell. Essentially any such transcription 

factor (herrcefoTTfiT 'tr^nscnptionTactor") can "be targeted so long as a specific decoy 

^ . - ti^< " ';v.-'r - . - r ~>* z "• o:c: ." , or:v vr; - 
15 capable oT competively inhibiting binding to the endogenous gene can be identified. 

Numerous transcription factors and their binding sequences are known, in the art as are 

u r.~ ' .v ' vr*/ ~ :*. :inti-..~r"r err .. rr^v-"-;' 

* methbds'fdr identifying such complements, see e.g. Wang and Reed (1993) Nature 364, 
.j .- - - — - 4 ,r:-- " r "-t::-v- ". Tiic :. ) m . ~r:-2 i'- 

121 and Wilson et al. (1991) Science 252. 1296. As usedlierein, endogenous means 

that 'the gene of transcription factrir Is present in die target cell at the time the decoy 

20 is introduced. 

The transcription factors will, for the most part and depending on the clinical 
indication, regulate the transcription of genes associated with cell growth, 

enfferentiation and signalling or viral genes resident in the target ceil. Examples 

• -^r-, ■ -L:i r: *:--/: . . • . •;' ' ..-u--/" ; 

include genes necessary for mitosis, particularly going from G Q to. IS, sych proteins 
: 1\ r;r^ o»r . . '* '-•st' v '*t . : < % ^ - - 

25 associated with check points in the proliferative cycle, cyclins, cyclin dependent 
: v\ : . .. - i: r : a ' ' " 
kinases, proteins associated with complexes, where the cyclin or cdk is part of the 

complex, Rosenblktt et al.", Pro'c. Natl Acad. Sci. 89, 2824 (1992) and Pagano et al., 

Science 255, 1144 (1992). Often such genes or the transcription factors themselves 

will be oncogene products or cellular counterparts, e.g. fos, jun, myc, etQ. Other 

3G cXaiiiplcS include genes exicodiiig secreted proteins and peptides such as hormones e.g. 

growth factors, cytokines, e.g. interleukins, clotting factors, etc. Target transcription 

factors also include host and host-cell resident viral transcription factors which activate 

viral genes present in infected host cells. 
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Preferred-target transcription factors are activated (i.e. made available in a form 

capable ' of binding DNA) in a limited number of specifically activated cells. For 
example, a stimulus such as a wound/allergen, infection, etc may activate a metabolic 
pathway that is triggered by the transcient availability of one or more transcription 
5 factors. -Such transcription factors may be made available by a variety of mechanisms 

such* as" 'tetes&gT&om' sequestering agents OT~lnhibitors (e.g. NFkB bound to IkB), 

activation by .enzymes ,jsuch. as .kinases, translation of sequestered message, etc. 
Desirably, the- target transcription factors) will be : Associated with genes other than 
genes whose lack of expression results in cytotoxicity. For the most part, it is 
. . 10 - desirable not to kill the-cell; but rather to inhibit or activate specific gene transcription. 
' J Exemplary; trarocription factors and related cfs elements, the cellular processes 
impacted and therapeutic indication include: , 



Ois-elemhY 
Txn Factor 


Cellular Process 

— — - — 


Therapeutic Application 

- 


' E2F z J. 


cell_proliferatioii _ _ _ . 


. neointimal hyperplasia, neoplasia 
glomerulonephritis, angiogenesis, 
inflammation 




. cell growih< <iifferehtiati6n, : : 
growth factor expression ■ ' '* > 

! 


neointimal hyperplasia, cardiac 

myocyie growth/differentiation— - 

i 


NFkB 


cytokine expression, leukocyte, 
radhesioix molecule expression, - > ; . 

oxidant stress response, cAMF 
* and protein kinase C activation, 

Ig expression 


. ii^ammation, immune response, 
transplant rejection, ischemia- 
reperfusion injury, 
glomerulonephritis 


SSRE 


response to shear stress: growth 
factor expression vasoactive 
substances, matrix "proteins, 
adhesion molecules. 


neointimal hyperplasia, bypass 
grafts, angiogenesis, collateral 
formation. 


CREB 


cAMP response 


cAMP activated events 
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MEF-2 


cardiac myocyte differentiation 
and hypertrophy 


cardiac myocyte differentiation 
and growth. 




CArG box 


cardiac myocyte .differentiation ' .j 


1 cardiac myocyte growth and 
-differentiation. 




tax 


° viral replication 


HTLV infection 

.r; ■.■ roar.*..: 


5 _ 


YP16 . 


yiral replication , , : 0 . r , . 7 ... . ^ . 


Herpes infection* 




-TARAat .'i 


viral' replication ' : nc : * * * 


HIVtnfectibri : 2 




"GRE/HRE 
MRE 


glucocorticoid, mineralocorticoid 

-it. „ l c r.*j. .:c * r .nx/ T - . T 

induced events 


steroid ^hormone processes e.g. 
_.(bj*e#st or prostate cell growth). 


_ ~ — — 

io 


HearsKdclr 
RE 


^eafshocK* response 7 ™~ " 

1 

1 


cellular stresses fe.g. ischemia, 
hypoxia r j 




SRE - - 


- growth-factbTTespOTises 


C£ll prSlifefefioh/differentiation 




AP-2 V „. ...... 

rro:'. ..v*.z."* 


cAMP and protein kinase 

response, retinoic acid response 

* 


cell proliferationi | 


15 


sterol : /: 
response r ~ >: 
-element- — 


, modulation <)f)^DL cbolpsjorcxl : 
preceptor expression;- , r i;- v > 


>. hypercholesterolemia 

! 


J • - ; - • - r - : 


- ! 3;< \ . : 


20" 


TGrFb . . 

responsive 

element 


. Transfoiming^ growth' factor beta < 
inducedicdlular processes : , 

[j ( .r . * ■ V v-* * • - 

"1 ' ' 


'cell growth, differentiation, 
migration, angiogbnesis, intimal 
hyperplasia, matrix generation, 
apoptosts. 



The length, structure, and nucleotide sequence of the decoy will vary depending 
on the targeted transcription factor^ the indication, route of administration, etc. For 
example, targeted transeriptioH-factors^requently bind with different degrees of affinity 
25 to a variety of sequences, normally sharing a High degree of homology.! Accordingly, 
one may choose to use a sequence associated with a particular target gene or use a 
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.consensus sequence based on the nucleotide at each site which occurs most frequently 
. m . * e binding sequences to which -the particular transcription factor binds. For 
. . : , example, when targeting a host transcription factor involved in viral transcription, it 
may be possible to minimize undesirable effects on host transcription is preferably by 
• .^ n ?. lo X in 8: the .-viral-specific binding sequence. Similarly; where transcription is 
mediated ; by : a midtimeric. complexjt is often desirable to target a single transcription 
* : ^ t ? r - tJP niinimize effects on nqn-targeteci genes. For example, in the case of Herpes 
t ?^ ns 9 ri P tioi K one may target- the viral. yP 1 6 without concomitant targeting of the 
promiscuous host Oct protein. 
,10 v . . : In addition to binding ^affinitys-tbe: decoys are: also selected -for binding 
■ ■. . ^5^?!^ Desirably^ the decoys. will be , highly specific for the target transcription 
, . . . factarts) such that their effect on nontarget cells and nontargeted metabolic processes 
9 f .^BP} cejte. arc. .minimised Such section, is accomplished in vitro by comparative 
binding to kijpwn transcription factors ancLniiclear extracts and in culture and in vivo 
, , 15 ky ^?XjflS nontargeted jpeU.Qinp|$on and effects on nontargeted, cell types. 

v : - - i ' ^ °y s f^F 1 ^ sufiBcientnucleptide sequence to ensure target transcription 
factor binding specificity and affinity sufficient for therapeutic effectiveness. For the 
... *? ost . p^rt^the target transcription factors will require, at least six base pairs, usually at 
. . least about eight base pair^ ; for sufficient , binding specificity and affinity. Frequently, 
20 . providing the decoys with flanking sequences (ranging ^om about 5 to 50 bp) beside 
. . r the .binding, .site en^ Accordingly, cis element" 

. flanking regions may be present and concatemej oligonucleotides may be constructed 
; . r ?? ria _* repetitions^ of the binding and/pr cis element flanking sequences. 

In one eml?odimqnt* the decoys j^re non-replicative oligonucleotides fewer than 

, .> 1 9, 0 - b P» usually fewer than. 50 bp and usually jfreei of .coding sequence, being primarily 
. . from non-coding 5 ? region. of a gene. Alternatively, the decoys may comprise a 
portion of ajarger plasmid, including viral vectors, capable of episomal maintenance 
or constitutive replication in. the target cell, to .provide longer term or enhanced 
intracellular exposure to the decoy, sequence,. Plasmids are selected based on 
30 compatibility with the target cell, size.and restriction sites, replicative frequency, copy 
, . . number maintenance, etc. For example, plasmids with relatively short half-lives in the 
target cell are preferred in situations where it is desirable to maintain therapeutic 
transcriptional modulation for less than the lifetime of the target cell. Exemplary 
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plasmids include pUC expression vectors driven by a beta-acun promoter and CMV 
enhancer, vectors containing elements derived from RSV or SV40 enhancers, etc. The 
adeno-associated viral vector preferentially integrates in chromosome 19 and may be 
utilized for longer term -expres^On. - > ' * 

5 The oligonucleotides which ate employed may be nattfrally occurring or other 

than naturally occurring- Wher$ the synthetic nucleotides' may be modified in a wide 
variety of ways, see e.g. Bielifitska-et al (1990) Sciehce*250] 997. ' Thus, oxygens may 
be substituted with nitrogen, sulfur 3ar earbbri; phdspKbms substituted with carbon; 
deoxyribose substituted with other sug&ispbr individtia} J bases substituted with an 
i 10..- unnatural -bases. s In eacfc<^,^aSy change will -be fevahiated as to the effect of the 

- edification on the binding-of the ohgdnucieotide" tothd target transcription factor, as 
- ;r \;weH as any d^feteribus- physiblopcal effects; Hiese fe^ficatfehs'liave found wide 

appHcatidh for "anti-sense 11 oligonucleotides^ So t^ retention of 

binding affinity aire weli dstablishfeii'iitf tii^ihefanfre.** See; l for example, Wagner et al., 
15 ' Science 2t50; r l5l0-1513 f 1993) 1 . n tfe Strahds fflky be synfkwiz^Tin accordance with 

- :convetoibnal ways using phoSphofi^iUditrsj^fefe, conimercially available automatic 
• -'syntliesizdsj aSH-thelilcc/ : N L: ^ '- T : :: : " ' 1 

~ - h ' ThVadii&risfcred com 

Usually the mixture will' trot J excWd 4 different decoys usiially hot exceed 2. The 
20 decoys ate ^inunrstfensd t6 k host'iifa fbrni £enriitfing J celliflar internalization of the 
dtecoys in art ambtAt stifficftrit to competitively inhibit 'the Binding of the targeted 
transcription "factor to 2ft endogenous gene. The hoSt'is typically a mammal, usually 
a human. The selectecf iiiethdd of administration depends principally upon the target 
" • cell, the nature of the decoy, ttifehdst; xtib sft^Tdf the dbc'by. Exemplary methods are 
25 described in the WampieS- beldW; ^Sditional metiibds including transfectibn with a 
retrovirus, viral" cbaV protein-lipo§oihe mediated transfection, lipbfectin etc. are 
described in fizau et ^Trends iri Biotech 1 1?205-210 (f993)^ 

- Where administered in liposoi&es, tHe" decoy "concentration in the lumen will 
generally be in the range bf about 0:1 uM to 50 uM per decoy, more usually about 1 
uM to 1 (VnM; mntrf ii^tgfty aHnijt 3 uM. For oth^r techniques, usually ens will 
determine the application rate empirically, using conventional techniques to determine 
desired ranges. * ^ . . 
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In some situations it may be desirable to provide the decoy source with an 
, ; agent which targets the: target-cells,^ such as an antibody specific for a surface 
hi6mbrane protein on the target cell, aligand for a receptor on the target cell, etc. For 
example, for intervention in HIV infection, cells expressing HTV gene products or CD4 
, 5.- may be specifically targeted with gene product or CD4-specific "binding compounds. 
. Also, where liposomes are involved, one may wish to include proteins associated with 

endocyto3is, where the proteins .bind to* a suiface membrane, protein associated with 

eridocytosis^ 'Thus, one may use capsid proteins or fragments thereof tropic for a 
P^*?}^ ce^ undergo intemalizrtion in cycling, 

\ :10.. 'proteins that targerihUucellular localization and enhance intracellular: half-life. 

! The application of the subject therapeutics are preferably local, so as to be 
restricted to a histological site of interest e.g. localized inflammation, neoplasia or 
infection. Various techniques ^cari be used for provicfogihe subject compositions at the 
site _ of interest, such as injection, .use of catheters, trocars, projectiles, piuronic gel, 
15 stents, sustained drug release polymers or other device which provides for internal 
access, or the like.. Where an organ or tissue is accessible because of removal from 
Jbe patient, ,suqh organ or. tissue may be bathed in a medium containing the subject 
compositions, the subject compositions iriay be painted onto the orgkn, or may be 
applied in any convenient; way. Alternatively, systemic administration of the decoy 
20. using e.g. lipofection, liposomes with, tissue targeting jfc.g. antibody), etc. may be 
practiced. Systemic administration is; most - applicable where the distribution of the 
~ targeted transcription factor is T>rifflarily limited to targete'd" cell types, e.g. virus- 
' specific transcription factors limited to infected cells, mutant oncogenic transcription 
factors limited to jinmsfqimed cells, etc,, 
25 r ; -; ; Optimal -.treatment parameters will vary with the indication, decoy, clinical 
status, etc., and are generally determined empirically, using the guidance provided 
- herein. "SeveraTexemplary indications, routes and vehiclesof administration and decoy 
f combinations are disclosed in the,, following table. ."• ■ .1 
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INDICATION 


ROUTE 


VEHICLE , 


vPLASMID/OLIG 
Q 


HTV infection 


intravenous inj. - 


<,gp4604n' i - ; 
; netffiil liposomei ' 


TAR containing 
oligo 


solid tiibior 


intratumoral inj. 


tumor-specific Ab 

.c.T . or/ c 

With lirv^cnm^c 


E2F 


Inflammatory jskn\ 
disease and 

.dcrrnat«i5: u , .- .,• 






-NFkB;'E2F 


Hvt^rcKftl pctf»rWh. ' * 

emia - * J 1 ^ 


intravenous inj. 
portal vein inj. 


* cationic liposomes 
asiaioglycoprotein 
receptor targeting 

with hpsomes 

k ■- - ■ v.r^. : -.->i;t. . 


~> ■ . 

sterol responsive 

-TV 

element to 
increase LDL 
receptors 


vein bypass grafts 


c tojjicaVi^i^iinjdn^ 


polymer, . i:: i- : ,;; c -q 
liposomes - h r ^ t ; 




glomeniloioipbritls » 

J "J .J I*" - -i 


-inttaVdnous;' 
lititrarenal ::;£ 


polymer," ^ " - 
-liposomes ;: ' 


r E2F, NFkB 

- * *n 


1, ; > 

myocardial" 
infarction 


intracoronary 

< ,;!..-) ; 


liposomes, _ ^ . 
polymer 


NFkB, E2F, AP-1 I 


organ transplant : - 
esp. cardiac/renal ^ 


intravascular, - - , 
vivo ^ - a. 


liposomes;.. } 
polymer - 


NFkB ^ 



A wide variety of inditations may -be treated; either prophylactically or 
therapeutically with the subject compositions. For example, prophylactic treatment 
may inhibit mitosis or proliferation or inflammatory reaction prioi iu a siimiiius which 
20 would otherwise activate proliferation or inflammatory response, where the extent of 
proliferation and cellular migration may be undesirable. Similarly, a therapeutic 
application is provided by a situation where proliferation or the inflammatory response 
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is about to be initiated or has already been , initiated and is to- be- controlled. The 
methods and compositions find use, particularly in acute situations, where the number 
of administrations and time for administration is. relatively limited. 
. ; - ^ , Conations for treatment include such conditions as negproliferative diseases 
- 5 - . including : inflaminatory disease states, where endothelial cells, inflammatory cells, 
„ , glomerular cells may . be .involved r restenosis, where vascular smooth muscle cells are 
involved, myocardial infarction,, where heart^muscle cells may be involved, glomerular 
nephritis, >vhere : kidney cells are. involved, hypersensitivity such as. transplant rejection 
. where hematopoietic cells may be involved, cell activation resulting in enhancement 
10 ^ of expression, of ^adhesion, molecules where leukocytes are .-recruited, or, the like. By 
, ^ ^ administering the decoys to „ the. organ ex vivo prior to : implantation and/or after 
implantation, up regulation of the adhesion molecules may be inhibited. Adhesion 

- niojecules include homing,rec^eptprs f .addre^s3ins, integrins, selectins, and the like. 

The following examples are offered by way of illustration and not by way of 
15 . limitation. „„„ -. . ; i 

• EXPERIMENTAL 
^ . _ Example 1 . Transfection of E2F Decoys into Cultured . Cells* 

„ . For the nuclear extracts, vascular smooth muscle , cells .("VSMCs") were 
20 stimulated by serum.until confluent. After confluent, the cells were, made quiescent 

- ^ ^ P^^g in.- Serum free medium for 48 h. . After the transfection of decoy 

oligodeoxynucleotides ("ODN"; 14 bp, (SEQ. ID.NOS: 01 and 02)) essentially as 
described in Morishita et aC( 1993) Proc. Natl Acad ScL USA, 90, 8474-8478, cells 
were stimulated by 5% serum. After £ h, RNA was extracted by RNAzol (Tel-Test 

25 . Inc^Texas) Chomczyiiski and Sacchi 0987) AnaLBiochem. 162, 156-159. Levels of 
. ... PCNA, qdc2 and beta-actin mRNAs were measured ..by RT-PCR (Morishita et al. 
(i993) supra). The PCNA primer (nucleotides 150-177 of rat PCNA cDNA) and the 
cdc2 5' primer (nucleotides 54-75 of human cdc2 cDNA) were previously described 
(Morishita et al. (1993) supra). , . The primers. complementary to the rat beta-actin gene 

30 were obtained from Clontech Laboratories Inc. (Palo Alto, CA). Aliquots of RNA 
^ er S amplified simultaneoiisly by PCR (30 cycles) and. compared with a negative 
control (primers without RNA). Amplification products were electrophoresed through 
2% .agarose, gels stained with ethidium bromide. A gel mobility shift assay was 
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performed as previously described (Horiuchi et al., J. ' Biol Cherri. 266, 16247-16254 

(1991). - ~ 

The 14 bp J ddubf e-strand ODN, (SEQ ID NOS: 01and02) effectively abolished 

the binding of ; the E2F transcription factor to a specific binding site in serum 

5 stimulated VSMCs. See : also, Hiebertit al. (1989) PNAS £6, 3594. Transfection of 

the E2F~ decoy ODN markedly" inhibited 1 the^ cdc2 and PCNA 

mRNA expression in response to^senim^stim^ the E2F decoy ODN had no 

, ~«ffedt -orhbeta-actin mKNA : expression:'' ^Fluthfeita^e^the'bontf ol missense E2F element 

— : - - - ODN containing twotiase pair ^bstitutibtis that eliminate E2F "binding failed to inhibit 

•: *' • ' - " 10 " - the induction of c-myc; tHc2' and : P€t$ A ftNA 1 "ex^rfession * in 'response to serum 

> ; ^ -stimulation.-' In 1 association "vfcoth effective^inMWtiott cff : celf ! cycle regulatory gene 

expression^ transfectiofi 1 of the'i4 l bp E2F dewy ^o'labblisfieB "serum-stimulated 

L VSMC proliferatic/n. In \tfntfast, ih^Wiischke E2F element 5 6tM (SEQ ID NOS:03 

and 1 Q4y had no effect orf Mtb^^iesis 1 * induced by senim. 

15 To further confirm the specificity of this response to the E2F decoy, a 30 bp 

double-stranded ODN (SEQ ID NOS:05 and 06) which contained two 8 base pair E2F 

cis elements capable^ of specific binding to E2F was employed (Weintraub et al., 

Namre 358, 259-261 (1992*)). Jh the 30 bp E2F de£t>7 ^ .fifth nucleotide of the 8 bp 

E2F CIS elements was' chariged'from'C to G. Despite these differences in flanking 

20 sequences' and nucleotide composition, ' both E2F decoys effectively bind E2F and 
< i j *' ? ■* ^ * * * ~ * ' *~ c " a * r *w ^ ' t i ^ ? . /<3 
inhibit serum-sfuhiilated vascular smooth muscle ceU - (VSMC) proliferation. Moreover, 

a 30 bp missense'E2F element Ot>N (S£Q ID NOS: 07 and 08) with 5 bp substitutions 

with the 8 bp J E2F consensus elements fails to bind E2F and also fails to inhibit 

serum-stimulated vSMC proliferation. Thus, these in vitro studies documented that 

25 transfection of theTE2F cis element decoy ODN binds the £2F transcription factor, 

blocked the induction of cell cycle regulatory gene expression and inhibited VSMC 

proliferation in a sequence specific manhir. 

" r ~ " Example 2 . E2F Decoys In Vivo. 
30 Lipus»uuicsi were prcparcu as fullow^: FliubpiiiiLidylsicrinc phosphaudyichoiine, 

an'^chole^erol were 'mixed in a weight ratio (1:4.8:2) to ^ create a lfpfd mixture. Lipid 
4 " : \vas hydrated in' a balanced salt' solution containing ODN (&£Q lb NOS:01-02) 
' (110 nmol). Purified HVJ(Z) 'strain was inactivated by UV radiation just before use. 
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The liposome suspension was mixed with HVJ (Z strain) (20,000 hemagglutinating 

units), incubated, then free HVJ removed by sucrose density gradient centrifugation. 

The final concentration of encapsulated DNA was calculated as jjreviously reported 

(Morishita et al. (1993) supra). . This method results in a more rapid cellular uptake 

5 and nuclear concentration, leading to a 1 OOrfpld Wgher.transfection efficiency of ODN 

than lipofection or passive uptake methods. 

The sequences of the phosphorothioate ODN utilized. 

decoys-1 5 ' - CTAG &TTTCCCGC G - 3 ' (SEQ ID N0:01) 

' : < ~- r *- - : r 3'' -T^flAfiSS£5GCTAG-5* f (SEQ ID NO: 02) 

10 v .... . . ^, _ 

" - " irti-SmatchlBd'-l ' L 5 ' - CTAGATTTCGAGCG- 3 ' (SfcQ' ID : NO : 03 ) 
t v * ♦ , : . -.^^ ; ; ; t 3' 5 -TAAAGCTOGCCTAG T 5/(SEQ ID NO: 04) 

_ , f We al&o^examitfed Mother set of decoy ODNs containing two binding sites: 

15 r ....... , t .„ ... ^ _ „ , . ... rT 

decoys-2:* ^'-GATCA aAaGCGCG^ ' (SEQ ID NO: 05) 

' . . i -.'w- . : .3.' ~ CTAG TTrrCGCGCT TAG Tr3TCGCGa rTAG-:5^ (SEQ ID NO: 06) 

r mis " ? 5 ' -G&T C2£&GAACI G]^TG^^ - 3'« (SEQ ID NO : 07 ) 

20 matched-! 3/ - CTAGTTTCTTGACTTA3TT T CTTGA CTTAG -S.'.j SEP ID NO: 08) 

,r- .* -; y. ■ -• .v.': - 

Rat aortic VSMC (passage 4-10), were studied in a confluent, quiescent state 

in serum-free media (Morishita et al, J. Clin. Invest. 91, 2580-2585 (1993)). The 

cells were incubated with hemagglutinating virus Japan (IJVJ) liposomes (3 fiM) at 

25 4°C for 5 min and 37°C for 30 min. Three days after , transfection in either calf 

serum (CS) or serum-free media, cell number was determined by Coulter-Counter 

(Coulter, FL). 

Example 3. Effect of decoy ODN on in vivo gene expression. 

30 , A 2 Frettch Fogarty catheter was 4ised to induce vascular injury in male 

. . r -SpraguerDawley rats (400-500 g; Charles River Breeding Laboratories) (Hanke et al., 
: Circ - Res. 67, 651-659 (1990)). Thesfef "rats were anesthetized, and a cannula 
introduced into the left common carotid via the external carotid artery. After vascular 
injury of thus common carotid, the distal injureif segment was transiently isolated by 
35 temporary ligatures. The HVJ complex was" infused into the segment and incubated 

for 10 min at robm temperature. No adverse neurological or vascular effects were 

1 ■ * 1 * - •- observed in any animal undergoing this procedure. 
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For RNA analysis, vessels were harvested at 6 h, (c-myc and beta-actin) and 
one day (cdc2 kinase, PCNA and beta-actin) after transfection. RNA was extracted 
from mismatched or £2F decoy ODN (3 /iM) treated injured or untreated intact 
vessels by RNAzol (Tel-Test Inc., ^TX). RT-PCR was performed as described above. 
5 For BrdU staining, BnlU was injected into rats (100 mg/kg subcutaneous and 
30 mg/kg intraperitoneal at i8 h prior ,~and then 30 mg/kg intraperitoneal at 12 h prior 
to sacrifice (Hanke *ef aL,' supraf i.' * Rats" were sacrificed after day four after 
transfection.- -The jcarpud'^tery was removed after' perfusion-fixation with 4% 
paraformaldehydcancL processed for. inmiunqlu^pcl^mis3try, in a standard manner 
10 i using antKBfflU amiBdies (Amertham). The proportion of BrdU positive cells was 
determined b% qell ^eou^unc^* jhght microscopy: fe* blijidefil fashion. 

Tramfectionjjrc^edxues werc^descril^d^^ve, HYJ-QD^ complex (3 /iM) 
. Ws adn^Ste^iftraihe^rat ^o^j^Marferies; At two weeks after transfection, 
-rats were -sacrifical^od vbs^^W-JBP^^^^ with 4% paraformaldehyde. 
15 >Tfaee%ifli*^^ fegmehts wre analyzed. In 

addition three sections from the middle section of the injured untransfected region 
^ were also analyzed: "Animals were coded so that the operation and analysis were 
' TCrfbnnel wiiout^cnbwiedgc of which ^"b^tment individuM animals received. Tnf i m al 
1 and medial areas 1 were measured on a digitiring ; tablet (Souftem Micro Instruments, 
2d GA). A^ysWoKvaiiiuw'wi&^^uent Dime's Jteg^.used to determine 
significant differences ininultiple comparisons. P < 0.05 was considered significant. 

The scrambled and progesterone responsive element (PRE) decoy sequences 
utilized as control ODNs are as follows: . ^ ., 

Scrambl etff- " 5' - TCCAGCTTdGTAGC- 3' ' 1 SEQ ID~"NO : 0 9 ) 
25 decpys -.^r r : Oi 3' r.GAAGGATCGATCGv5 A ( SEQ: fD 'NO : 1 0 ) 

PRE • • 7 "& ' -GXTCCI^TACXOGSTGTTCTAGCtAeA- 3 ' 5 ( SEQ' ID NO : 1 1 ) 

3 ' -CTAGGAl^TGTCCTA^AAGATCGATGT- 5 ' ( SEQ ID NO : 12 } 

At one day after balloon injury mRNA levels of c-myc, cdc2 and PCNA were 

30 elevated in carotid vessels transfected with the control nussense EZF element ODN 

as detected by RT 7 PCR. However, in viva transfection of the E2F.cis element decoy 

UDN resulted in a marked decrease in c-myc, cdc2 and FCHA rnRNA ieveis 10 barely 

detectable levels similar, to uninjured vessels. Moreover, the E2F cis element decoys 

significantly inhibited bromodeoxyuridine (BrdU) incorporation (a marker of DNA 

35 synthesis) within the vessel wall at 4 days post-injury as compared to the missense 
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E2F ODN material. Furthermore, transfection of the E2F decoy ODN (n=8) resulted 
in a marked suppression of neointima formation at two weeks after angioplasty 
compared to .vessels treated with the ,HVJ-liposome complex alone (n=5) or 
^ r _ mismatched coptrol decoy ODN-treated vessels (n= 8) . The selectivity of the decoy 
5 ODN effect was further, confirmed by the fact that the inhibition, of the neointima 
formation was limjted to tiie area of intraluminal transfection (neointima/medial ratio; 
i i«ions , 7 -0,291 ± 0,061 vs.- unaffected lesions - 1.117 ± 0.138, 

P < 0.01). In contrast, the adjacent injured carotid segments outside the area of 
decoy transfection exhibited neointimal lesions similar to, the mismatched ODN-treated 
10 control. Moreover^ ^peitoer^or^eqtipn of .scrambled depoys (14 bp) nor the 
progesterone response element, decoys (27 bp).(Klein-Hitpass.§t.al. t Cell 60, 247-257 
(1990)) resulted in the inhibition of neointima formation. 

The specificity of the inhibitory effect of the decc>y ODN against E2F on 
neointima information is supported by several lines of evidence: (1) the two different 
15 E2F decoy ODN bind to^ the E2F transcription factor in a sequence specific manner 
^n^tion.of the E2F decoy ODN completely inhibited VSMC proliferation 
in v } tro * .^ er ? as mismatched ODN did not; (2) . the in vitro and in vivo 
experiments documented that the E2F decoy ODN selectively inhibited the expression 
of the targeted cell cycle regulatory genes (c-myc, PCNA and cdc2 kinase) 
20 ttansactivated by E2F, but not beta-actin (presumably, other E2F transactivated genes 
siich as c-myb inight be iniubited); (3) the E2F decoy ODN specifically reduced a 
quantitative marker of pell cycle profession in vivo (BrdU labeling); (4) the 
administration of the E2F decoy, but not mismatched,, ODN markedly inhibited 
neointima formation; (5) tlie prevention of neointima information was limits to the 
25 area affected with the decoy ODN; and (6) neither scrambled nor PRE cis element 
decoys inhibited the neointima formation. 

ExamEleJ^ Expression of Re^ in Cultured Submandibular Gland (SMG) 
* ~ Cell Line * 

30 To evaluate the molecular mechanisms which regulate tissue specific renin gene 

expression, we employed a cell line (SCA-9) derived from a SMG tumor. This line, 
derived from a ttyo.ren^n gene mouse (Swiss Webster) has been reported to contain 
renin. Using immunohistochemistry and primer extension analysis, we confirmed by 
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immunohistocfaemistry that this cell line expresses renin. Moreover, consistent with 
the SMG origin of this cell line, only the Ren2 gene is transcribed. To elucidate the 
mechanism behind the silencing of the Renl gene in this celfline, we examined if the 
negative response eletfcent, NRE, binding protein was present in these cells. Nuclear 
5 extracts were prepaid frbih cultured SMG cells and gel mobility shift assay was 
performed using -^P-NRE bligohiicleotide as aerobe.. A specific protein: DNA 
complei was observed* Which" coilld -be specifically^ competed with unlabeled NRE 
oligonucleotide*. "~ * " Al " 

1 1 'These results 'show that l \fie pattern of "renin 1 expression in this cell line is 
10 similar'ro that seen In the "SMG in vivo; validating the use of these cells for studies 
Of the'^nechanism by Which renin expression is regulated! ^ 

• . / — * • ;, -v;T:'i --zr >• c- r ^ -^ 

Example 5. Use of "Decoy" to Validate the Importance of Cis-Trans 

: * t " i- v - ''""f f " >.f":« - c 'it, - i no ,i. r *n^ u" ^'i' v 

Interactions * * 

15 * "We examined the feasibility of the "decoy" approach to test whether the 

NRE : NREbihding prbtein interaction is responsible for the silencing of the Renl gene 

in the SMG and m the cell line derived from the SMG. This assav is based on the in 

Vivo coiripetitton for trans acting factors. The competition is between the endogenous 

t f ~ - ^:r.i "\c .-lev: . r - r ; c J 

els elements found in^the target gene arid exogenously added oligonucleotides 

20 cbrresponcling to* that cis sequence. This competition will attenuate the authentic cis- 
trans interaction, result in the removal of the trans factors from the cis element, with 
the subsequent modulation of gene expression. 

An FfTC kbeled-doiibie stranded oligonucleotide (33 mer), corresponding to 
the NR£ were introduced into the SMG cell line using the HVJ-liposome technology. 

25 The cells were incubated with HVJ-liposome containing NRE decoy at 4°C for 10 
minutes and then at 37 °C for 30 minutes. The cells readily took up the oligomers as 
evidenced by the intense fluorescent signal which was localized in the nucleus (Figure 
1C)[ The cells were Harvested" 24 hours later, RNAIvas prepared and subjected to 
the primer extension analysis to examine the expression of the Reni and Ren2 genes. 

30 Consistent with our hypuQicsi:*, introduction of the NRb sequences into these cells 
resulted in the induction of Renl gene expression. The expression of the Ren2 gene 
was not influenced by the administration of the NRE oligonucleotide. 
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These results show that NRE:NRE binding protein interaction is responsible 
for the silencing of Renl expression in this cell line and demonstrate the feasibility of 
using the "decoy" approach to examine the cis-trans interactions responsible for the 
regulation of renin gene expression. 

Example 6. In Vivo Gene Transfer into the SMG 

We ttansfected Ip^ug of pur expression vectors into the SMG of a DBA/2J 
mouse using the HVJ^posome : D^ as_ describe above. This was 

accomplished by injecting directly into "multiple regions /of the gland with a total 
10 volume of 100 ul using a 27 gauge needle. Three day? after transfection, the SMG 
was removed, homogenized and t£e supernatant : assayed for CAT activity. 
Transfection of pUtk-CAT c directed &e ^ Expression 6f. CAT (Horiuchi et al. (1991) 
supra),. The presence of the Iteni Xba; ftagchent (containing the CRE/NRE region) 
decreased CAT expression by approximately 90 % . Deletion of the NRE sequence by 

15 in vitro mutagenesis resulted in^e : r^coyery of CATiexpression. These results 

■ • ■ . * * % ■ — - • — • -\ ' 

demonstrate that it is possible to use in vivo gerie~ transfer" to examine the expression 
of genes in the SMG in vivov , ^ i : . - — :* V]: 

It is evident from the above results/that the subject methods and compositions 
20 provide tjpportunities for - preventing injury from aeute proliferative diseases or 
diseases involving expression "£f proteins* such asf proteins associated with cell 
division, adhesion and/or migration;. Thus, the subject methods and compositions can 
provide safe prophylactic and therapeutic treatments for a number of diseases 
associated with cellular proliferation an3' inflamihation, resulting in pathogenic 
25 conditions. 

All publications and patent applications, cited, in this specification are herein 
incorporated by reference as if each individual publicatioh'or patent application were 
specifically and individually indicated to be incorporated by reference. 

Although the foregoing invention has been described in some detail by way of 
30 illustration and example for purposes of clarity of understanding, it will be readily 
apparent to those of ordinary skill in the art in light of the teachings of this invention 
that certain changes and modifications : may be made thereto without departing from 
the spirit or scope of the appended claims.^ • 
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SEQUENCE LISTING ■ ■* 

(1) GENERAL INFORMATION: 

u ■" ?. .n ' ■ . - 

(i) APPLICANT: Dzau, Victor J. 

n a ' ■ : - : 

(ii) TITLE OF INVENTION: THERAPEUTIC USE OF CIS -ELEMENT 

DECOYS IN VIVO 

(iii) NUMBER OF SEQUENCES :-A2 T ;.D <:-: r U J^:l-^f.'.0 

(XV) ^CORRESPONDENCE ADDRESS: , ; fi [ a:Zti.AZZ 9 ? 

"(A) ADDRESSEE: FLEHR, HOHBACH, TEST, ALBRITTON & 

t , S HERBERX^I v.r^i^U ul: :>,Ti>:i ? : 

* ** (B) STREET: 4 Embarcadero Center, Suite 3 4 CO 

, , , (C) CXTY: San Francisco Jn , a- ...f bsa* .->.*"' ■ 

. .COUNTRY: USA - , n — . ,_: — t ■ (V) I " /I . 

... '--'•^-tTV-ZTB'i S41TT-41S7 w ~ *" " r — - - 

■' A (v) 'COMPUTER READABLE 1 TORtfT " --■ • 

, . (A) -MEDIUM TXPE: Flpppy Tdisit. r. A V 4 io " -.j^s"" 

■* 1 jP '-#3j COMPUTER: IfiM PC compatible 

. t ■ (C)_ QPJSRATING SYSTEM: ,PG-PQS/M£-%DOS « f ; - 

-{D) SOFTWARE: latent In 'Release* #1 I'D T 'Version #1.25 

• (-vi> CURRENT APPLICATION" DATA: ' 

(A) APPLICATION NUMBER:. VCTjUppfi/ ... ; fW:j ~ > air - )7 

*>i.l. -FiLING 'DATE: 28-*o5rr-I9b4 ' J -" U " 4 

(C) CLASSIFICATION:. . . . v ■ _ ft 

(vii) PRIOR APPLICATION DATA: . _ , 

(A) APPLICATION NUMBER: 08/14*4^1217^ - - 

(B) FILING DATE: 28-OCT-1993 

(viii) ATTORNEY /AGENT INFORMATION: 
• - , *■ " *■ <IA);(NM«IE: .^owlanflv Bertram - x*?*. ;r^-r ^ ^ 

(B) REGISTRATION NUMBER: 20,013 

* /iiS ; (C)>c^EFERENCE/f>OCKET* ; NUMBER: FP-S650&/BXR™ " :nZMT-OS01-. 

(ix) TELECQWUNICATION INSORMftT^ON : . ; .5 Vl'r >jv .\ ' -*^-: 
(A) TELEPHONE : (415) 781-1989 

• ^{BK,TELEF^C; ^40,5) 398-3249^ xc..: 1 Jt < .iTO,:.. 
' (C) TELEX:* dlo 277299 FHT UR 

<2) INFORMATION FQR SEQ 2D NO: 1 : . ■■ - ; # fc 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 base pairs 

. (B) TY£E.;- nucleic ac£d . , T . 

(C) ' STRAI3DEDNESS : dbUbl^ 

(D) TOPOLOGY; .linear . . ( , r _ . . , . 

- • * " * u A-lA.< . j J ?. ... . .0 ■ 

(ii) MOLECULE^ TYPE: cDNA, r . 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

CTAGATTTCC CGCG . 14^ 

(2) INFORMATION FOR SEQ ID NO: 2: 

" (i) SEQUENCE CHARACTERISTICS: 

; (A)" LENGTH: .14 base, pairs ,^ " : 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double : 
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(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE : cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ -ID NO: 5 
GATCCGCGGG AAAT 14 - ^ ~ 



(2) INFORMATION FOR SEQ IB NO: 3: 

(i) SEQUENCE CHARACTER! S T-I CS-r ■ 

(A) LENGTH: 14 base pairs 

(B) TYPE: nucleic acid- 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(xi) SEQUENCE DESCRIPTION: SEQ -ID^NO:.3 
CTAGATTTCG AGCG 14 ^ '""7- . 



(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH : 14 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID.NQ:4; 
GATCCGCTCG AAAT 14 - ' ! 



(2) INFORMATION FOR SEQ ID NO:5: 

(i) SEQUENCE CHARACT ER ISTICS ;., 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA ■ - ~ - . 

(xi) SEQUENCE DESCRIPTION: SEQ ID NQl: 5 : 
GATCAAAAGC GCGAATCAAA AGCGCGAATC 3 0* 



(2) INFORMATION FOR SEQ ID NO:6: 

<i) SEQUENCE CHARACTERISTICS:. 

(A) LENGTH; 3 0 base' pairs * - 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:V: 

_ . _ 3 **" * 

GATTCGCGCT TTTGATTCGC GCTTTTGATC 3 CT 
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(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3 0 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D ) TOPOLOGY : linear 

(ii) MOLECULE TYPE: cDNA 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NOrV: 
GATCAAAGAA CTGAATCAAA GAACTGAATC 



{2} INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base" pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
Cxi) SEQUENCE DESCRIPTION: SEQ ID ? &0:8:~ 

■r. - ■ ; ^' r* & 

GATTCAGTTC TTTGATTCAG TTCTTTGATC 3^"- 1 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS; . 

(A) LENGTH : 14 base : £airfi * :: " : v 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA ' * . ~" 

(xi) SEQUENCE DESCRIPTION: SEQ I^^q/a/ 
TCCAGCTTCG TAGC 14 * , 



(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: . .. 

(A) LENGTH: 13 base* pairs" : ~ ' '' 
<B) TYPE: nucleic acid. 

(C) STRANDEDNESS : double ~" 1 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID 10':l£).Y 
GCTAG CTAGG AAG 13 : ~ " 



(2 J INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 7 base' pairs 

(B) TYPE: nucleic acid - 

(C) STRANDEDNESS: double 



WO 95/11687 



£CT/US?4/12339 



(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: cDNA 

Cxi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
GATCCTGTAC AGGATGTTCT AGCTACA 27 



(2)^ INFORMATION^ EQR. SEQ *ID NO:*12 : r 

(i) SEQUENCE CHARACTERISTICS : 
(A) LENGTH: 27 base pairs 
. fB). TYPE: nucleic acid 
\ , . . 'IC) * STRANDEDNESS : double' 

(D) TOPOLOGY:^ linear ...... ■ 4 , 

(ii) MOLECULE TYPE : cDNA , 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

TGTAGCTAGA ACATCCTGTA CAGGATC 27^ 
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WHAT IS CLAIMED IS : 

1. A method of modulating gene transcription in vivo within mammalian cells, 
said method comprising: . _ . : 

contacting a mamma l with a composition comprising dsDN A having a sequence 
5 specific for binding to a transcription factor which modulates the transcription of at 
least one gene, _ . ^ - ... / - i„ - ^ - 

whereby said dsDNA is intrpduced too iej^lef of siid cells in an amount 
sufficient to competitively inhibit the btndihg "of skid transcription factor to said gene, 

whereby the transcription of said gene Is modulated. 

2. A method according to Claim 1, wherein said dsDNA is capable of episomal 
replication in said cell. 

3. A method according to Claim 1, wherein said dsDNA consists essentially of 
15 oligonucleotides less than 100 bp in length. 

4. A method according to Claim 1, wherein said composition further comprises 
liposomes and said dsDNA is contained within the lumen of said liposomes. 

20 5. A method according to Claim 4, wherein said liposomes comprise lipid and a... 
viral coat protein. 

6. A method according to Claim 1, wherein said transcription factor is E2F, AP-1 
or NFkB. 

25 

7. A method according to Claim 1 , wherein said cells are vascular smooth muscle 
cells, tumor cells or endothelial cells.. 

8. A method for treating a mammalian host to prevent restenosis, said method 
30 comprising: 
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. . _ . . . introducing dsDNA into vascular smooth muscle cells at the site of avascular 
lesion, said cells capable of resulting in restenosis as a result of neointima formation, 
in an amount to inhibit said neointima formation, . 

whereby said dsDNA is characterized by having a sequence specific for binding 

5 to a transcription factor which modulates the transcription of at least one gene, where 

- -. ^ 

the transcription product of said gene is necessary for proliferation of said cells. 

i 

9. A composition comprising a viral coat protein-liposome containing dsDNA in 
- the lumen* of said liposome in~a physiologically acceptable medium, wherein said 

10 dsDNA is characterized by having a sequence specific for binding to a transcription 

t 

. factor,- wherein ^said -transcription- product of— said -gene is necessary -for cell 

proliferation, . -~ . - , ."1. , "L 



: 10/ A composition accQriling to. Claim 12, wherein said viral coat is from the 
15 heih^ggltitiniting vifus Japaii: 4 ; _ ; ' / ' ' " ' \ 

1:1 . A composition according to Claim 12, wherein said transcription factor is E2F, 
API or NFkB.; : - , ' \-\ * - ' *; ' : 



20 12. A composition ' according to 'Claim 12, wherein said "dsDNA is at a 
1 ; - . concentration' in the range t>f about 0.1 to 20 pMl ^ . * 
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